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• inanofy ceH witfain a IMMM is ««itten tDor R«l &aca 
10 cwistuned. Tbcrefbn^ the number of ti^ 
impacts &e U/tA powtr usage of tfut DIMXL 

|6J Figorc J is a bi^-lcvcl hJocIc diasrani of a ty^l ocanpater lyaon 100. As sbowa. 
LHe ooosjuter s)«aTi 100 iiKludcs ■ proassor 1^ 

connected ID 0 bus system 108. The bus tyaem ICS nuyinctadeonoOT more buses 

IS connected to each olhfs-ttnoosh various bridges, CQotiolknsiuyorfl^ 

kBownbtboaa Porcxani^dwbosxysiea 10tniayiiKtudea**systnDbQs'*tbAi^ 
comseeied taough aa adapla to one er nme expeosion bases, socb as a Ptnp^ 
Cooipooeiit!iiten»noect(PCI)bot AbocouplodtoihebMSycera l08«»iM8S«wa8e 
device no. a network haeribce 112. and a iiuoiber<N> of iiT^^ 

20 throu{t)II^N. 

|7] The I/O d«vi«9n6-I through UW^nwyiwdud^ for exainpK»k^f^^ 
potftting device* a display device and/or other cooventicoal VO d«we». Tfce mass storage 
device 11 0 may faidwlc one or more of any device* dm are nritabte fcr storing laijB 
vohanes of data, such as a laaenetic disk or tape, oiagncio-optieaJ (MO) storage device, or 

25 anyofwioua^ofWgiialVeraauta Disk (DVD) orCon^ 

(8] Neimmkinterfiwe 112 pnvideadaUcotwauniostioa between Aecoii^^ 
airf other computer systena oa a iietwBk such »• kwd ai«a iicr^^ 
die Ifltemet or odicr networks. Heoce,oelwDiViaSafiee U2maybeaiiyderice«iiilaWefcr 
or eoabtingdw computer system 1 00 to eoomnmicaie data with a remote ptoeesttng system 

30 ov«radiUGOfnnHDiicatioalaik,SMbas«eoinretitioiialte)q7h^ 
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Services Difihol NewHJik (ISDN) adapw. a 

modon, t SBttUitB innseelvtf, t» Btbeniet adapter, or die 

PI The RAM 1 06 can include multiple OIMMs 1 06- 1 thiongh tfi6-N . In a cyiptcal 
e])p(k»tiQP, a xver^ mxcss rate of a DIMM tesuhs in an avenge 6>w«tt power 

5 coB5im?rtioitHcwcver,«<Hsc^^ 

increase to as mocfc as 14 wans for each DIMM 106-1 1fai«ug}i 106^. 

[101 In v!*v of the foicsoing, what is needed B a system 

laaxlnajm power cowomptiwi of DIMM as seeo by the power supply wiliwrt 

significBWly In^i^ing tbe pcrfbroiance of flie processor. 

10 fjUMMAVX OF THE iNVEimoy 

111 1 Rr«adly speaking, the preseof iavcjitiov filU tbcK needs by Providian a sy&tem and a 
method fornnnagmg DRAM power conwmptioa. It should be appieeiaied iboi the present 
inveniiofl can be implemaiwd m otimcwos way^ indudi^ 

system, or a device Seven) tiwci»tive embodiinenls of Ac preseni invtalioa ait described 

15 below. 

|12| Otiee(id>odiincniiiidude» a oniputiDg system t^ 
$ysloiw«DRAMc(»troU«rMidabuaihalcoapt« Aetwanorysys^ 
DRAMcontraRer. The n>CDWiy«y«cm can include one DRAM module- The 
CH^AM ooottDller XI flpenble 10 limii aa access rA8 (U. 
30 mtervaOtoUKatleastonsDR^MniOdidesottBtsDKAMino^ 
is Icsf than or ecfMl to a derired svetap; laemory poiiMr eoiMii*^^ 

(13} 11ie0RAMcoi»n)Ucrcanincitideastaieraacbti!eL 
|14| TbeaccessnsecaabeeqinltoaiiDisbexofttcccnesperaaaTcmtinieiMecvaL 
{I5| The cooipcttr system can tho inc hide a power supply for the mcaaaory system. 
2$ |16| The length for the c«rten(tiin«u»tcr«l can be less thajiabouiaitgida^ 
constaot of the power supply &r tbc memory system. 
117] One ad^-aatageofdKiveaeiitmveKtkmutfuft DRAM power 1^ 
daa the desired naximuin power ooosompdon and ihaner dan tbe leeulatioa dtnecoiwtam 
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can be supplied by the power supply decoupKog cajwdton whhoMi afEeding the power 
supply or processor opoation. 

The kngd) for the cwrent dme iulerv*! e«n he eqtal to about 10 wfcrosoconds. Tho 
ciDfcnt ttrae fatfervil h long cxiough thti dw ORAM Mccu 
5 win uldom exceed the long terai «v«ng^ Ai a muK liaiUitg the number cf DRAM 
accesses is die cunctkt tiiDC tnicrvAl will htvemiBifnal hiqwct cn the perlbrnianct or the 
pnccssor. 

|15J The desiied ronnory power coasumptoHi rate can be cqusl to ibou! 66 ptroent of ■ 
maxinrani power consumpikm nte of the iJt least one ORANf module. Alternatively, the 
10 dejiied memory power asiisiiinption rate can be equal to about 9 waitt for each of the «i least 
one DRAM module. 

1201 Ibe processor can also include the DRAM cooBOller. 

|21 1 Another embodiitjent includei a method for limiting power conwmption of a 

computer memory system. The method bcludcs selecting a memory access rate. The • 

15 alerted memory occesi rate coaespoods to a desired average menKwy power omsurnptio^ 
n». A <mlli!iB interval iastaited at a cunral time raierwl. A roemoiy syiteiti is accessed 
If die ineoioiy accea lite has iwi been exceeded, Ihai Ihe access is appbed to ite 
system. Allemaiiveiy.iftheineraoiy access nta has been exceeded, then Ihe access is 
ddsyed inttil the cmreid tinie intervd has expired sad • subseqitem tinic 

20 the cimerttiincitaeivalral the access is applied to the rncmory system. 

|22J Accessing the memory system can include detcnrjining i f the cioTcnl time imervaJ has 
expired. Ifthocurrrarttiineimervil has expired, then a subioqusntlirae intcnfali^ 
the currwit time mtcrral tnd the access is applied to the memory system. AlteroativeJy. if the 
cuncnt time iitterval has not expired thai ail acceiiooimieriiicremeirted. Hm access counter 
23 can be pan oflhe DRAM controHcr. 

123] The access rate is tqoalloe number of eceeaaes per a eurrcBt time interval. 

[U] la one cmbodimait.adecliiig the menwryaecws rate includes sefceting a leogihfo^ 

the current dmc interval. 

|25| In o«w embodiment, die DRAM cofdrollcrcohuob access 10 the nw 
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{26} The present invcntioo provides ihc idvintage of substsatiaily reducing the wont cue 
power consumirtioo of the rocnwiy iystcni, as seen by the power supply wii lie <xo\iT\$ 
systeni without wbstaintially irnpacUng the pcrfonnance of the memory system. Reducing 
the wom case power consumpooo alJo wf for a sroillcr overall power iupply to be used. 

5 RcdueiOg the worst case power ccnsumption also rednccA die peak deniad oa dw cooling 
syatoni sod medsods Ihereby altow a smaller ov«nU cooHng system. 
fI7| Odier aspects and advantages of ihc invention win become Bpiwcnl fiom the 
foltowittg detailed descripdon. uken la eot^unciion wid) die accompaBytag dnwtjig^. 
ittostntiitg by way of eMDi^le the principles of die iavenlioo. 

10 BRIEK PESCRIITtOy OF TOE DRA>mGS 

f28| The preseat inveniioii will be icadijy undctstood by the foUowing dettUed description 
in conjanction widi the accompanying drawiogt, and Kke reference numenls designate like 
structural elements. 

|291 Figure I is a high-level block diagram of a typical cooiputa system. 
1} pel Figure2isablocfcdia0»iiofacori4iiJieTaysieiainaccofdanoewiihone 
en d )o dig ie ot of the pnseol invention. 

pl| Figtne 3 i« a flowchart diagram of the method opentiom of one endiodimenl of to 
piesent invention. 

pgTAItEDpESCJIJpnON OP THE EXEMPLARY EMBO PIME?fra 

20 P2| Several wmpbrj embodimeao for managiBg ORAM power consom^ioa win now 
bedesaibed. h will be afipanaii to chow sidUtMliatbe art thai die prnentinra^^ 
pncticed widioul some or all of the specific detaUs set forth herein. 
fUJ As disosicd above, in a typical appDcation. the DIMM at lypiaU ac£e» rates ttsu l« 
in an average oriUioat 6 to 9 watts of power oonsamptioa by the DIMM. The same DIMM 

25 caa have a maximum power consumption «t s nmimum acccu rale of as much as W watts, 
b one embodimem, the system and method for reducing die power cansmnption of the 
DIMM b a method of limiting dw number of accessea to the DIMM for a given time ioteival 
90 dial a maximum power CDaaunq>tion for DIMM does not mceed a pre-seleaed amount. 
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(J4J In one embodiment, ihe access rate can be limiicO to a selected rwe wch ih*nbe 
power cooiumption cannot exceed ft conespon<ling power level for a pre-sclected time 
latervsJ. By wsy of extmple, the conesponding power coasumpiion can be about 66 perccw 
of Ihe tnuinum power coDSumption of tiie DIMNf. such as about 9 watts if the DIMM 

5 coiwixnesaboui Mwatia at maxiorum access iftlBL Tlwpw-selecte^ 

abom 10 mienwecoofis. Hiercfow, if i WMM access rib of 1,000 accesies per 10 
fBicio«eeondsRniltediaa9Mwittpowcoasoiiipuoaoteof tbcDIMM. l,O0laiid 
subsequent accesses during *l»t same 10 microsecond period would be delayed until a 
sdmeqoent 10 mtcroseamd period. 

10 pS| A dtemui time coosiant is much than 10 microseconds as a reioh the peak 
power coBSumplioD of ibc DIMM teen by (be cooiisg systeto c«n abo be reduced by tbout 
35% which ftulher trdoccs the cooling rcquircmcms of Ihe conq^tita synem ud fimher 
reduces Ibe power lequneroents ofthe power supply. 

P6) Figure 2 is a block diagram of a eompuier syttem 200 in accordance with one 

15 etnbodimeiit of the pitteirt invention. Ttecoinpaicr system 2^ 

die ROM 104. and the RAM 106, each connected to dwbuaiyttein lOS. Tbecoiaputei 
systnn 200 also inchidca the man storage device UO, Uie oetwwk interface 
(N)ofi«)put/ouq)ui (I/O) devices 116-1 throo^ llWJaiuJ a power 51^220. The 
computer lywcm 200 can also inchide a DRAM comroner 130 for controlling the accessea to 

20 (he RAM 106. TheDRAMcoiitioUer230caijbcpartoftbcprocc!»Of I02orpanofd»ba<» 
system lOS Of port ofihe RAM 106. The DRAM eontroaer 230 can abo be i state madditt. 
pTl The powpstyply 220 SMppto the power to the various uwi p oiic n U of the CO 
systeni200. In parikular. the powo' siqipbr 220 sqppBes eunrem to the DI^^ 
through 106-N via a power supply »il 222. The power supply 220 inchides ooe or more 

25 decoiq)lingcapariton224A. Eacbof IhoDIMMs 106-1 ihiuugb 106-N can also inchale one 
or more decoupling capadtoia 224B, 224C. 

p8| Typically, the power supply 220 has « rcguUdon time constant whkh is the lime 
leipiiied fcr Ihe power supply 220 » respond to a change in cuiTcnt demand on the powCT 
nqiply rti) 222. By w^ of example, if the rtjulalion time constant is 10 microfecondi, then, 
30 : ifUiecuiTBm<fcinand 00 the power supply rail 222 increases fiwn 200 m» to 300 nM..then 
^ the power supply 220 wmld bg in delivering the 100 nm iosresse (300 ma toui) of conni " 
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to the povy« lopply rail 222 for approximately 10 microseconds. In unoJhcr awupk, »f t)>« 
numbCT of acccKwa cn the DIMMs 106-1 duougb lOO-N lutkfcnJy (t.^. in 5 micrwcconds) 
doubled, then Chc cuncnl draw by the DIMMs 1 06- 1 IhroBgh 106^ would just m suddenly 
gpproxtinately dooblo. Howevct, btcouse Uie povw n^y 220 cannot incrcaw the uuouni 
S oTcuntm sopplied ro the power supply rsil 372 in S micnncconds. then fb« vsrious 
dteouplmg cqwciuin 224 A, 224B. Z24C can partially discharge to provide the "excess 
demand cuneol^ during (be 5 microsccoad peak demand period io4 until the power mpply 
220 is sbie to tneest (he pcwer eonsumptioa demand. 

P9| A typical regutetioo time comunt is 1 0 microseconds, iberefore the decoupling 
I Q capadtras 224A, 224B, 224C art sized so AS to be able to supply ibo peak comnts for 
^iproximatcly 10 microsecands. 

f40| Flgm i is B flowebaci diagnm of tbe method opentiuns 300 of urn embodinient of 
the present jpveniifinL Id operation 302 a DIMM access rate access per a pie-selectcd 
time imoval) Is sdeoed. The DIMM acoeniate can be selected by adocdng a desiiod 

IS powcrcoasumption rate that oofxcspandslotheaeeessnie. By vray of example, 

DtMM. 1000 accesses pel eadi 10 mscraaecomlnlervalwmGaun tbe DIMM to coi^^ 
watts ofpower tor each 10 Bieioweondiimtiiiiefval. TbeiBfcicsrfeetinglOOOaeeeHes 
per 10 microsecond intervtl wilt con««pond to 9 wsns of power caMsumpUon. Altsniilively. 
idecting a coasuinpiioB me of 9 watts per 10 mkroeecond interval wUI con^ 

20 accesses pci 10 miacaeeond interval. Selecting the aceess rote alio inchideasefectiag the 
tone interval. 

141] The selecled time interval leiiglh is schxUMi to be a iclsiivcly short Ume inters 
a still snfftcicntly longenoi^h so than there am on^ o few mtnvab whire the number of 
attempted accesses would exceed (be selected access rue. Because ibe the selected interval 

25 ii long eHKBhfhat few accesses ire Bctaallydebyed, then then shooid be m>Ei|^^^ 

pcrfomance impact oi^ the processor, la one embodiment, a 10 micnnecondtimc inierval U 
adopted becaiflc the 10 micnnccond dme interval is also the typical power su pply regulation 
time constant, as described above. While a 10 microsecond Umeintenfal is described bereio. 
it sbodd be anderstood thai shorter and longer time intervals cooki also be oted. 

30 HJJ ta operation 304. the ioitid lime iimyoliiBUffted. A tinier having the pi©-<iek^ 
time initfval tengdt can be used to inonitor die time interval. The praceuor 102 accesses the 
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OrMM in operation 306. In ooc crabodimcm, the DRAM cimtiolter 230 urtacepu the 
pncessor'k access of the DIMM to cociirol the pracc&wr's 102 accoaw* lo the DIMMs 106-1 
throu^i 106-N. 

|43i In operation 308. the time w/btml is chedctd lo detemtine if the tune micmd hsi 
expiicd lfihctiiwrotavalhwapired,theiiieiliodop«Bri<m^ 
described bekiw. If. in cpentkm 308, the tiioe infcmt has not etphod. then, in operation 
3 1 0, ■ DIMM access awnter is inoemcoted. The DIMM access ccunur cso be a physical 
counter Of simply a ineniOTy location or any other weAod aa are well know^ 
tnonicorastaie. 

(441 h operaiiOtt 3 12. tbc access rate is examined to ddemriac if dieacctxi laia has be«o 
exceeded. By of examp^ the DIMM a«ce»eotuiter can be examined to dctcfrriite if 
the TOtBbcf of access exceeds the maiiimiin number of access in Ihc curroit 
in operatK^ J 12, the access rate has not been ecceeded, then (he accois is applied tn the 
DIMM in operation 314 and (be DIMM responib totbc acceu in c^ention }I6 and the 
method operatioos continue at operation 306. 

I-IS] If in openiioo 3 1 2, Ac access rate has been exceeded, then the time die access is 
delayed ttntil the ctincnt time interval expires in opcrailoa 320. When the current time 
tBterval expires In operation 120. iha method opoatioa continue io opetatian 322 where a 
std»equeal time mtcrval is initiittd. b operation 324, ibe access is ai^Ucd to the DIMM 
and the DIMM icqioads lo die access iaopentioa 326. The DIMM access counter is reset to 

1 in openHon 32S and the method openUoos eoittinue at opention 306. 20 
Hti] As wed heiein dietcnD 'abouf means +/• 10%. By imy of example, die phrase 
*U)Oitt 250" iadicaies a range of between W and 273. 

(47| With (tte above enabodinwnts to mind, it should be understood (hat the invention may 
employ various computcr-impkaieated operations involving data stored tn computer 
^ems. These operalkms are those requiring physocal manipulacion of physical quantities. 
Ustnlly* though not necessarily, these quantities take tfae form of electrical or raagtetic 
f isnals capable of being siofod, traasfemd, oomfaioed, con^ared, and otherwise 
manipulated. FiKther, the tnanipnlatlons pa fb na ed ere often fcfened to in temis, soch as 

produdag.ideBtiiVing,deieimioin^areompviDS. ' _ „ - 
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[48] Any of the openHoiu described herein ttal Cnnii pan of the inremion are useful 
machine operation*. The inveniion also idates to a device or an ippmtus for pedbmung 
lhc»c operations. Tho apparatus may be jpeciaJly coostniaed for the required pUfptt$es, or il 
ma/ be a geneiat-puipose computer selectively activated or configured by a computer 
S prosruniUncdiniheconipater. In ptftkular, various sencnt-puipose macbiaes may be 
used with coovutet ptrograns written in iccoidaiice with (he teocbingi heteia, or it may be 
nwrecoavenicRt tocoiHtnicta more specialized appsratus to perform (fas required 
openilioni 

(49) The iaventioo can also be embodied as computer readable code on a conqxittr 
1 0 leadable mcdiuni. The computer tcaduble rocdiuro is any data jloragc device that can swie 
data «^tch can be theieaAer be read by a c<snputer K>-stein. Bxaroples of the conipiMer 
readable medium inclwie hard drives, network aitacbcd slorage (NAS), rcad-ooly memory, 
random-access memory, CD-ROMs, CD-Rs, CD-R Ws, magnetic lap«i3,'tind o<her optical and ' 
mm-oplical data storaj^ devices. The computer readable owdium can abo be distributed 
IS iivw a network coupled cotnputer systems so that the con^terrcad^ 
executed Ui « distributed AsbiOD. 

1501 ftwiHbolUitfi M aMyc d Mcdihaiiheinsttuciioiisi^^ 
ngme 3 are iwt miiiired to be perfoawd ill tb« Older illtistntt^ 
ttpresenied by the openUons may not be necessary to pracike Iho inveiiti^ 
20 pmcessa described in Figure 3 can also be tmptemenied is software stored in uiy one of or 
combintiom of the RAM, (he ROM, or the hard disk drive. 

[Sll AtdMW^ die foicpring invnttion has been described io some detail for purposes of 
ctarily of uodentanding, it win be apparent thait certain dwifies and modificaiioDS may be 
ptaciicQd within the scope of tbe appended cl«iras. Accaidmgbr.thepRScnleotoiimenti 
25 afftobeconBdcitdasinittti»h«andao(cestrfctive,imdfheimwn^ 

die details given herein, but may be modified wthin the scope and equhraleoU^tfae 

appended claims. 

matisdaimedts: 
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Qaims 

1. A eofDputtng iystm comprising; 
tpcocessor, 

S ameniocyiystciB,tlMiinehidcias1eaflmDRA.Mnio<h^ 

• DRAM Gaitt«Iler,whmmUicDIUMMiwonCTbopenibtetoliB)itaaicoM 

tbe at lent one DRAM nuMlule so flnt m tvenve DRAM iDodttle power coiMU^ 

less than or cqoal lo a desired inenioorpowv CQOsiunplm 

a bus ibat couples the memory lyttoa, the processof »nd the DRAM conutjUw. 

10 

2. The iorstem of ctaini I, wheivin (he DRAM omtnrfler includes t state ntachine, 

3. The system of claim I . wherein the access rate is c£juaJ to a mmOier ofacusses per a : 
cumsnl tunc interval. 

4. 11» system ofdairo 3, fimbercmnpcbinB 8 power supply fiwdwnwiOQiyiysl^ 

5. The syticmefctaiia 4, iriKiein the length brttecn^ 
reguladoo an» constant of llw power supply for the nieniofy system 

2D 

d The system of claim 4, tAeitin the length far the curat ti^ 
10 miciosc c o iHt a. 

7. The system of ctain I, wheicin the desiiodmetBory power comimiptio^ 

25 about 66 pefcentoramtximiira power consnmption of the at least tme DRAM module. 

8. TTje systan of claim l.wbcTcin the desired mciTiorypowocoosmoptioDM 
xbuul 9 walls for each of iho at tcast one OR.^M module. 

30 9. The 5>->tcm of claini I , wherein the processor mdudea die DRAM controller. 

10. A med»d for Umtting power cniisumption ofa eomputec memojy sy^tero comprisiog: ' 
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selecting s memory access rate, tb« selected raanocy Bccew me conwpowh *o « 
dcsirrd a^xragc mctneny power contumpiion rale; 

starting s first limc inlervil as a cancjtt lime tnteivel; 
occessuig ft naeinoTy system; 
5 if me iiwfi»T> access tsrielm not been exceeded, then applymgt^ 

jnemory system; and 

if the memory access rate bas been exceeded, then: 

delaying the wceu until the current time tmervsl has expired; 
statiiAgisirfMeqiKnttime ioteml ss Ibe canent time ImernI; nd 
10 aiiptying the access to ihcfnemdvy system. 

U, The method of claim 10. whereta accessing the memoiy system can indocte: 

dcterniiuing if the cuirem time ioterval has expired, if the cumsnt time iolerval has 

«*pired, then: 

IS starting a subsequent time iotexval as the cunent time interval: and 

Bpplying the access ts lh» meniory system. 

12. Thcntethodofdaim n.wfoeitteifiheeiOTetttimeinien'alhsatioieiqpiredtto 

inctrmenting an access coontcr. 

20 

1 3. The method of claim 10. wherein the access mte is equal to a munhcr of accesses per a 
cnment time inleivaL 

14. The method of claim 10, wherein selecting ihe menwry access rale iachidcs S49leeling a 
Z5 teag^ for the ctuTenl time interval. 

15. The method of daira 14. wherein the length fbr the cmieni lime intenflil 11 less than a 
ivgutation time constant of a power supply of the ctmpiiter system. 



30 16. The method of claim 14. wberem the length for the cunem time mterval is oijual to 
about 10 micttMeeonds. 
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17. Vtt method oTcIaioi 10. wherein U» dotfcd memory power consamptioB i«tc is equal 
10 Aotit 66 pCTcat of a maisimoai power consumpiion of each memory Diodulo in ihe memeiy 
tystcm. 

I«. The method of claim 10. wbwein die desired mcmocy power (»nstmtpiion late is equal 
to about 9 wafts per memory module in the memory system. 

19. The method of claim 10, wheieta a DRAM eontiolJcr controb access lo the memory 
<yslem. 
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